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Reconsideration of the stratigraphic position of the boundary
between the Berriasian and the Nemausian
(= Valanginian sensu stricto)
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ABSTRACT

The study of the ammonite distribution in the Lower Cre-
taceous beds N and NW of Los Miravetes (Rio Argos, W of
Caravaca, SE Spain), compels us to draw the boundary bet-
ween the Berriasian and Valanginian sensu stricto between the
Berriasella (Berriasella) picteti Subzone and the Tirnovella
alpillensis Subzone. The latter subzone was introduced as a
substitute for the Berriasella (Berriasella) callisto Subzone of
Le HecaraT (1971), because, although both subzones em-
brace the same biochronologic interval, the ammonite asso-
ciations of the two differ fundamentally: in addition to the
known callisto association of merely “‘Berriasian” ammoni-
tes, the T. alpillensis Subzone contains an equally large num-
ber of renownedly ‘Valanginian® ammonite forms appearing
at its base. The boundary proposed here coincides with the
appearance of Lorenziella hungarica, which provides ameans

to correlate this level outside the Mediterranean faunal pro-
vince.

The transformation from a pure Berriasian ammonite asso-
ciation into a clear Valanginian association definitely has not
the abruptness that invited so many strarigraphers to choose
this boundary as the one between the Jurassic and Creraceous
systems.

Finally arguments are adduced to return to the old concept
of the Valanginian Stage and to regard the Berriasian as its lo-
wer substage. For the upper substage of the Valanginian
(= Valanginian sensu stricto) the name Nemausian (SARRAN
D’ALLARD, 1875, 1881) is available, which has explicitly been
introduced to cover the stratigraphic interval between the
Berriasian and the Hauterivian.

KURZFASSUNG

Die Verteilung der Ammoniten in der Unterkreide-Ab-
folge N und NW von Los Miravetes (Rio Argos, W von Cara-
vaca, SE-Spanien) zwingt uns die Grenze zwischen dem Ber-
rias und dem Valangin s. str. zwischen der Berriasella (Berria-
sella) picteti-Subzone und der Tirnovella alpillensis-Subzone
zu legen. Letztgenannte Subzone wurde als Ersatz fiir die
Berriasella (Berriasella) callisto-Subzone von LE HEGARAT
(1971) eingefuhrt, da die Ammoniten-Vergesellschaftungen
der beiden Zonen betrichtlich unterschiedlich sind, obwohl
beide Subzonen dasselbe biochronologische Intervall umfas-
sen. Zusitzlich zu der bekannten callisto-Vergesellschaftung
aus reinen ,,Berrias-Ammoniten* enthilt die 7. alpillensis-
Subzone eine vergleichsweise grofie Anzahl von typischen
,»Valangin-Ammoniten®, Formen also, die an der Basis der

#) PH. J. HOEDEMAEKER, Rijksmuseum van Geologie en Mineralo-
gie, Hooglandse kerk gracht 17, 2312 HS Leiden, The Nether-
lands.

Zone einsetzen. Die hier vorgeschlagene Grenzziehung fillt
mit dem Einsetzen von Lorenziella hungarica zusammen,
dies gibt die Moglichkeit zur Korrelation auch auflerhalb der
mediterranen Faunenprovinz. Die Umbildung von einer rei-
nen Berrias Ammoniten-Vergesellschaftung zu einer reinen
Valangin-Vergesellschaftung zeigt nicht die Schirfe, die man-
che Bearbeiter verleitet hat, diese Grenze als Jura/Kreide-Sy-
stem-Grenze zu wihlen. Schliefllich werden Argumente an-
gefiihrt zum alten Konzept fiir die Stufe Valangin zuriickzu-
kehren und das Berrias als untere Unterstufe zu betrachten.
Fiir die obere Unterstufe des Valangin (= Valangin s. str.) ist
der Name Nemausian (SARRAN D’ALLARD, 1875, 1881) ver-
fiigbar; er wurde eingefiihrt fiir das Intervall zwischen Berrias
und Hauterive.
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INTRODUCTION

A Dutch equipe of eight straugraphers and palaeontologists
is studying the biostratigraphy of the Lower Cretaceous along
the Rio Argos, W of Caravaca in SE Spain. This study is par-
tially financed by the Netherlands Organization for the Ad-
vancement of Pure Scientific Research. The zonation of dino-

flagellates, pollen, coccolithophorids, nannoconids, calpio-
nellids, benthic and planktic foraminifera are being integrated
with the ammonite zonaton. Also the cyclicity of the depo-
sits is studied, which facilitates the application of numerical
stratigraphical methods.
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Figure 1. Comparison of the ammonite ranges in various French sections with those in the Los Miravetes

section. Correlation of the sections is primarily based on calpionellid biohorizons (left side and horizontal
dashed lines). The base of calpionellid zone E has not yet been traced in Los Miravetes. Solid horizontal lines
delimit ammonite subzones (right side). The intervals occupied be LE HEGARAT’s callisto Subzone and
THIEULOY’s otopeta Zone are depicted for comparison. In order to save space only the scales in metres
alongside the published lithological columns are drawn and accomodated so that the biohorizons are in line;

the columns are omitted.



Therefore we began our investigation with the as accurate
as possible construction of the lithologic columns. The litho-
logy of the entire sequence consists of a monotonous alterna-
tion of grey marlstone beds with light grey marly limestone
beds. Additional sandstone turbidite beds occur in the Ap-
tian. The Lower Cretaceous along the Rio Argos is more than
1500 m thick and shows great similarity with the Lower Cre-
taceous sequence of the Fosse Vocontienne in SE France. Un-
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fortunately a regional unconformity makes that upper Ap-
tian, lower Albian, and middle Albian beds are missing. Our
equipe has spent seven months in collecting ammonites from
this sequence. This resulted in a collection of some 8000 iden-
tifiable ammonites. After identification, their ranges were
plotted alongside the lithologic columns.

The study of the ammonite biostratigraphy was begun with
the faunas of the uppermost Tithonian, Berriasian, and lower
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Valanginian sensu stricto. The outcome of this study compel-
led the author to reconsider the stratigraphic positions of the
Tithonian-Berriasian boundary and the boundary between
the Berriasian and the Valanginian sensu stricto. During the
Second Symposium on the Spanish Jurassic, Granada 1979,
the author adduced arguments that the former boundary had

best be chosen between the Psendosubplanites grandis Sub-
zone and the Subthurmannia (Strambergella) subalpina Sub-
zone (HoeDEMAEKER, 1981). Here will be discussed where the
boundary between the Berriasian and the Valanginian sensu
stricto had best be chosen.

DATA FROM SOUTHEASTERN FRANCE

The abrupt virtually total renewal of the ammonite fauna at
the boundary between the Berriasian and the Valanginian
sensu stricto in SE France has since long been a well-known
fact (Busnarpo & Li HEGARAT, 1965; LE HEGARAT & REMANE,
1968 ; L HEGARAT, 1971). All “Berriasian” perisphinctaceans
are suddenly replaced by “Valanginian™ ones: an almost
complete stratigraphic segregation existed between reputedly
“Berriasian’” and renownedly “Valanginian” perisphinctace-
ans. Only the range of Pomeliceras nieri (PicT.) has been
shown to be overlapping the ranges of Tirnovella gratianopo-
litensis (Sayn), T. pertransiens (Savyn), Thurmanniceras
(Thurmanniceras) thurmanni (Pict. & Camp.), Th. (Th.) sa-
hentimum (SayN), and Thurmanniceras (Kilianella) aff. pe-
xiptychum (Uni.) (L HEcARAT & REMANE, 1968; LE Heca-
RAT, 1971).

This is the reason why so many stratigraphers prefer to
choose this boundary as the limit between the Jurassic and the
Cretaceous systems (Zriss, 1965; WieDMANN, 1968, 1974,
1975; DrusHCHITS, 1975; BabaruTa, 1975; PatruLus et al.,
1976; and all those attendants of the “Colloque sur la limite
Jurassique-Crétacé”” who voted for this boundary, among
which Lt Hecarat, Enay, DE FLanpriN, and THIEULOY).

Recent bed by bed investigations of Remane & THiEULOY
(1973), Trievroy (1973, 1977b, 1979), and Atremann & RE-
MANE (1979) in the Barret-le-Bas, Angles, and La Faurie-Pu-
steau sections in SE France only seem to confirm this abrupt-
ness of the renewal of the ammonite fauna. THizvLOY showed
that in an interval of only two metres thickness (Barret-le-
Bas) the range of another reputedly “Berriasian” ammonite
form, viz. Subthurmannia (Subthurmannia) boissier: (Pict.),
1s overlapping the ranges of Thurmanniceras (Thurmannice-
ras) otopeta THievL., Th. (Th.) aff. salientinum Savyn, Th.
(Th.) cf. allobrogicum (KiL.), and Tirnovella aff. pertran-

stens (SAYN).

The part of the calpionellid subzone D3 (which starts with
the entry of Lorentziella hungarica) situated below the base
of this interval of overlap, contains the ammonite association
that according to Lt HEGARAT (1971) characterizes the Berria-
sella (Berriasella) callisto Subzone. This association consists
only of “Berriastan’” ammonite forms: Beriasella (Berriasel-
la) callisto (0’Ors.) (Berrias, La Garenne, Les Oliviers),
B. (B.) montelsi (Lt Hec.) (LaGarenne), Tirnovella alpillen-
sis (Maz.)(La Garenne, Les Oliviers), T. donzei Lt Hec. (La
Garenne, Les Oliviers), Subthurmannia (Subthurmannia)
boissieri (PicT.) (Pusteau, Angles, Barret-le-Bas), S. (S.) ra-
refurcata (Pict.) (Pusteau), Thurmanniceras (Erdenella) pa-
quieri (Sm.) (La Garenne), Leptoceras studeri (Oost.) (La
Garenne, Les Oliviers), Lp. brunneri (Qost.) (La Garenne),
Thurmanmiceras (Kiluanella) chamalocense (Maz.) (Puste-

au), Pomeliceras (Pomeliceras) nieri (Pict.) (Berrias), and
S. (8.) latecostata (Ki.) (Berrias, La Garenne). From other
sections have been reported: S. (S.) romani (Maz.), Berria-
sella (Malbosiceras) aff. rouviller (Math.), and Spiticeras (Ki-
lianiceras) damesiforme Djan. This completes the impoveris-
hed ammonite association that was hitherto thought to cha-
racterize the B. (B.) callisto Subzone.

The part of the calpionellid subzone D3 between the base of
the 2 m interval of overlap and the level in which the marked
decline in the frequency of Calpionellopsis oblonga is situa-
ted, is characterized by the sudden entry of many renownedly
“Valanginian” ammonite forms, viz. Timovella pertransiens
(Savn) (Pustean, La Garenne, Les Oliviers), 7. gratianopoli-
tensis (SavN) (= Th. thurmanni [PicT. & Camp.] in Le HiGa-
raT & REmang, 1968, pl. 1, fig. 5) (Les Oliviers, Pusteau, La
Garenne),  Thurmanniceras) —(Thurmanniceras  otopeta
ThiuL. (Barret-le-Bas, Angles, Pusteau), Th. (Th.) salienti-
num SayN (Pusteau), Th. (Th.) aff. salientinum (still unin-
terpretable) (Barret-le-Bas, Angles), Th. (Th.) cf. allobrogi-
crm (Ki.) (Barret-le-Bas), Th. (Th.) aff. thurmanni (Picrt.
& Camp.) (= Th. gratianopolitensis SaYN, in Lt HEGARAT &
REMANE, 1968, pl. 1, fig. 5) (Les Oliviers), Th. (Th.) aff. pe-
risphinctoides (Unt.) (possibly conspecific with Th. [Th.]
lorvi SaYN) (Angles), Thurmanniceras (Kilianella) aff. pexip-
tychum (Unr.) (LE HEGaraT & REmaNE, 1968, pl. 1, fig. 4)
(Pusteau, La Garenne), Th. (K.) cf. grossonvrei Sayn (Puste-
au), Thurmanniceras (Evdenella) cf. hystricordes (Unt.)
(Angles), and Spiticeras (Kilianiceras) gratianopolitense
(Kir.) (Pusteau). The latter two are the only forms with “Ber-
riasian” affinities, but have only been recorded from the lo-
wer Valanginian sensu stricto.

It should be noted that in 1965 Lt HEGARAT reported Sara-
sinella aff. longi (Sayn), Neocomites premolicus SayN, and
Thurmanniceras (Kilianella) lucense Sayn from bed 198 of the
Berrias section. This bed is also the level in which the marked
decline mn the frequency of Calpionellopsis oblonga 1s situa-
ted. Because of this record, the latter species has been used by
Wiepmann (1968) as index for his Th. (K.) lucense Zone,
which would cover the biostratigraphic interval between the
disappearance of B. (B). callisto and the appearance of Th.
(K.) roubaudianum. WiEDMANN's publication was however
just preceeded by the publication of L HEGaRAT & REMANE
(1968), in which they introduced their Tirnovella pertransiens
Subzone for virtually the same beds with the same fauna of
“Valanginian” ammonites, which therefore has priority. In
1971, however, LE HEGARAT omitted these ammonite forms
from his list of cephalopods found in bed 198 of the Berrias
section, whereas THIEULOY (1979) reported the first Th. (K.)
lucense and N. premolicus, together with the first Tirovella



greymardi (SayN), and Th. (K.) cf. bochianense Sayn from
much higher levels, viz. near the boundary between the cal-
pionellid zones D and E.

Le Hecarat (1971) characterized the base of the Th. per-
transiens Subzone by the sudden appearance of typically “Va-
langinian” ammonite forms in SE France. In the Barret-le-
Bas, Angles, and La Faurie-Pusteau sections the lower boun-
dary of the T. pertransiens Subzone should therefore be
drawn at the base of the two metres thick interval in which the
ranges of reputedly “Berriasian”” and renownedly ’Valangi-
nian”” ammonite forms are overlapping. Busnarpo & THIEU-
Loy (1979), however, separated the lower part of the T. per-
transiens Subzone, as it was previously conceived, as a di-
stinct biostratigraphic unit, the Thurmanniceras (Thurman-
niceras) otopeta Zone. This zone is interpreted to incorporate
the total, recently known range of Berriasella (Malbosiceras)
foraticostata (TuieuLoy). The range of this species, which un-
doubtedly has “Berriasian™ affinities, apparently straddles
the lower boundary of the T. pertransiens Subzone, for it
commences below the massive entry of renownedly “Va-
langinian” forms amidst an association with only ‘Berriasian’

forms such as B (B.) aff. callisto, T. aff. alpillensis, T. cf.

DATA FROM LOS

The succession of ammonite faunas in Los Miravetes is
quite different from that of SE France and compels us to adopt
adifferent interpretation of the boundary between the Berria-
sian and the Valanginian sensu stricto.

As in SE France, the base of the stratigraphic interval that
can be correlated with the B. (B.) callisto Subzone is faunisti-
cally characterized by the end of the acmes of Berriasella
(Berriasella) picteti (Jacos) and B. (B.) jauberti Maz., by the
beginning of the acmes of Tirnovella alpillensis and T. don-
zei, and by the start of the range of Lorenziella hungarica.
Like in SE France the “typically Berriasian™ species Swub-
thurmannia (Subthurmannia) boissieri (Pict.), S. (S.) rare-
furcata (Pict.), B. (B.) callisto (0’Ors.), T. alpillensis
(Maz.), T. donzei (LE Htc.), Thurmanniceras (Erdenella)
paquieri (SM.), and Leptoceras studeri (Oost.) were found
throughout the stratigraphic interval correlated with this sub-
zone. In addition several specimens of Spiticeras (Spiticeras)
tenuicostatum Djax., Sp. (Sp.) n. sp. aff. oppeli (UnL.), Spi-
ticeras (Kiluaniceras) incertum Djan., and the last representa-
tives of B. (B.) picteti (Jacos), B. (B.) jauberti Maz., Spitice-
ras (Groebericeras) aff. bifrons (Leanza), and Sp. (Sp.) multi-
forme Djan. were collected from this interval.

In the beds directly above those in which the last repres-
entatives of S. (S.) boissieri, S. (S.) rarefurcata, B. (B.) callisto,
T. donzei, and Lp. studeri were found (which in SE France
marks the top of the B. [B.|callisto Subzone)appear likein SE
France: Tirnovella pertransiens (Sayn) and its morphotype
valdrumensis SaYN, Thurmanniceras (Thurmanniceras) oto-
peta Tuieut., Th. (Th.) allobrogicum (Kw..), Th. (Th.) sa-
lientinum SayN, Thurmanniceras (Erdenella) cf. hystricoides
(Unv.), and Thurmanniceras (Kilianella) grossonvrei Sayn.
In addition appear Say~’s (1907) Th. (K.) ‘bochianensis’ var.
comprimée (= Th. |[K.] n. sp. aff. bochianensis), MazenoT’s
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donzer, and S. (S.) boissieri; B. (M.) foraticostata disappears
in the same bed as S. (S.) boissieri. Therefore the lower boun-
dary of the Th. (Th.) otopeta Zone is probably, but only
slightly, lower than the base of the original T. pertransiens
Subzone.

LE HEGARAT & REMANE (1968) and Le HEcarAT (1971) in-
terpreted the latter as the lowest subzone of the Th. (K.) rou-
baudianwm Zone as then conceived. The ammonite associa-
tion that Le HEGaraT (1971) gave confirms this. Unfortuna-
tely he did not give a faunistical characterization of the upper
boundary of this subzone; in fact he characterized only its ba-
sal part (Lt HeGaRAT, 1971, p. 287). It is therefore impossible
to separate the lower part of the T. pertransiens Subzone as a
distinct biostratigraphic unit, because this should always and
inevitably be identical with the original 7. pertransiens Sub-
zone, which has priority over the Th. (Th.) otopeta zone.
THieuLOY therefore perfected the ammonite association of the
basal part of the T. pertransiens Subzone. In France the me-
lange of Berriasian and Valanginian ammonite forms that alle-
gedly would characterize the Th. (Th.) otopeta Zone seems to
be restricted to the 2 m thick interval of overlap.

MIRAVETES (SPAIN)

(1939) Th. aff. pertransiens’ (= Tirnovella n. sp. aff. guey-
mardi), and the form referred to by Arnaup et al. (1981) as

Tirnovella aff. alpillensis (= T. aff. alpillensis).

The entry of this association clearly marks the base of the
T. pertransiens Subzone. It should be mentioned that also the
last representatives of typical T. alpillensis and the only re-
presentative of Spiticeras (Spiticeras) correardi (KiL.), were
collected from these lower beds and that WiepmanN (in Avi-
MANN et al., 1975) reported the last Spiticeras (Negreliceras)
cf. negreli (Mats.) from the bed that produced the first 7.
pertransiens.

Higher in the T. pertransiens Subzone appear: Thurman-
niceras (Kilianella) ischnoterum Sayn, Th. (K.) ronbandia-
num (D’ORB.), SAYN’s (1907) variety of Th. (K.) “bochianen-
sts”” that he depicted on pl. 6, fig. 12 (= Th. |K.] aff. bochia-
nense), Thurmanniceras (Thurmanniceras) loryi Sayn, Tir-
novella gueymardi gueymardi (Say~), and Olcostephanus
(Olcostephanus) aff. globulus Spatn. Also single specimens
of: Sarasinella varians (UHL.), Sr. eucyrta (SAYN), Thur-
manniceras (Thurmanniceras) aff. kingi (UHL.), Parandice-
ras cf. theodori (UHL.) were found together with the last Sub-
thurmannia, viz. S. (S.) lissonoides SpaTH.

The ammonite association that forms the faunal transition
between the T. pertransiens association and the Busnardoites
campylotoxus association is distinct enough to justify the in-
troduction of a separate subzone. The “horizon a Saynoceras
hirsutum” of Trieuroy (1973, 1977, 1979) falls within this
subzone. As the ammonite fauna in this biostratigraphic unit
at Los Miravetes is still too fragmentary to define a true Op-
pel-subzone in the proper way, this unit is provisionally kept
in the state of assemblage-subzone and called the Sarasinella
trezanensis-Thurmanniceras (Kilianella) pexiptychum As-
semblage-subzone (HOEDEMAEKER, 1982).
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In the lower part of this subzone appear: T. gneymardi
crassicostata (NIKOLOV), Sr. trezanensis (LORY), Sr. subqua-
drata (Sayn), N. subtenuis Sayn, Th. (K.) pexiptychum
(UnL.) (typical form), cotype of ‘Hoplites pexiptychum’
Uniic, 1882 (=Th. [K.] n. sp. F), Th. (K.) cf. bochianense
Savn, Olcostephanus (Rogersites) ambiky: Besairie, O. (R.)
aff. schenk: (Or.) in SpatH, 1939, and Chamalocia aenigma-
tica (Savyn). Worth mentioning is the fact that the last repu-
tedly “Berriasian” Th. (E.) paguieri was found in this sub-
zone as well as the last Th. (Th.) otopeta and Spiticeras.

The reason why the ammonite succession from Los Mira-
vetes is ol particular importance is the fact that in the strau-
graphic interval that can be correlated with the B. (B.) callisto
Subzone reputedly “Valanginian’’ ammonite forms appear in
rather great diversity.

In the five basal metres of this interval (there is no sign of a
hiatus) were collected the first Tirnovella gratianopolitensis
(Sayn), Thurmanniceras (Kilianella) retrocostatum Sayn,
Th. (K.) cf. lucense Sayn (only small fragments, which could
not be identified with certainty), Sarasinella longi (Sayn),
Neocomites premolicus Sayn, several other forms of Neoco-
mites, SAYN's (1907) Th. thurmanni, échantillon presque ty-
pique (= Th. [Th.] aff. thurmanni), Sayn’s (1907) variety of
“Th. Thurmanni” that he depicted on pl. 5, fig. 1 (= Tirno-
vella n. sp. aff. gratianopolitensis), Savyn’s (1907) “Th.
Thurmanni”, variété 1 large ombilic (= Tirnovella alpillen-
sts), SAYN's (1907) Neocomuites trezanensis”
étrotts (= Sarasinella n. sp. alf. trezanensis), SAyN’s (1907)
‘Neoconutes neocomiensis’, variété plate a cotes fines et fasci-
culées (= Pseudoneocomites n. sp.) (Psendoneocomites HoE-
DEMAEKER, 1982, type spectes Hoplites Retowskyr SarasiN &

, variété a tours

SCHONDELMAYER, 1901}, Ki1an’s (1891) “Hoplites Thurnian-
ni”, var. extreme a tubercules (= Th. [Th.] n. sp. B), and
Menmr’s (1965) Kilianella aff. grossouvrer (= Th. [K.] n. sp.
aff. grossonvrei).

Higher i this interval appear: Thurmanniceras (Kilianella)
aff. liucense Sayn (with fasciculated ribs in addition to those
that are bordering the constrictions), SayN’s (1907) Th. (K.)
“Rouband;”, variété a tours plus embrassants (= Th. [K.] n.
sp. G), and Picter’s (1867) ‘Ammonites Astierianus’ from
Berrias (pl. 18, figs. 3. 4) (= Olcostephanus [Olcostephanus))
of. sublaevis Spath).

In the upper part of this interval appear: Olcostephanus
(Olcostephanus) sakalavensis BEsarie, and Neocomites neo-
comiensts (D°ORB.).

It should be noted that, with the exception of Sarasinella
longi, SAYN's ‘N. trezanensis’, var., atours étroits, SAYN’s Th.
(K.) “Roubaud:”, var. i tours embrassants, and Th. (K.) cf.
[ncense, all the above mentioned “Valanginian™ forms were
also found in the overlying T. pertransiens Subzone of Los
Miravetes or even higher.

Also it should be mentioned that representatives of Kilia-
nella already appear in the lower Berriasian and that at Los
Miravetes their frequency in the upper Berriasian equals their
frequency in the lower Valanginian sensu stricto. Therefore
this subgenus could no longer be considered characteristic for
the Valanginian sensu stricto.

In our columns the base of the T. alpillensis Subzone was
drawn at the local entry of T. gratianopolitensis and the base
of the T. pertransicns Subzone at the local appearance of its
index species.

DISCUSSION

The faunal succession encountered at Los Miravetes has
important consequences as to the stratigraphic position of the
boundary between the Berriasian and the Valanginian sensu
Stricto.

The impoverished association of merely “Berriasian” am-
monites that hitherto characterized the B. (B.) callisto Sub-
zone in SE France, could not be found in the Miravetes sec-
tion. Instead the stratigraphic interval that can be correlated
with the B. (B.) callisto Subzone contains an ammonite asso-
ciation that 1s the summation of the ,,typical callisto associa-
tion” and a substantial association of renownedly “Valangi-
nian” ammonites that would hitherto have indicated the 7.
pertransiens Subzone. It is in this stratigraphic interval that
the melange of Berriasian and Valanginian ammonite forms
occurs. Because of the fundamental difference between the
ammonite association collected from this stratigraphic inter-
val at Los Miravetes and the association that hitherto defined
the concept of the B. (B.) callisto Subzone, the latter name
does not satisfy anymore. Nevertheless this association,
which is composed of a fifty-fifty mixture of “Berriasian’ and
“Valanginian” ammonites, clearly represents a distinct,
well-delimitable and well-recognizable biostratigraphic unit
between the B. (B.) picteti Subzone and the T. pertransiens
Subzone. Tirnovella alpillensis was chosen as the new index

for this biostratigraphic unit; it is the most frequent ammonite
in this unit in SE France as well as in SE Spain.

Itis yetunexplicable why no ‘Valanginian’ ammonite forms
have been recorded from the B. (B.) callisto Subzone in SE
France. For several French sections, for instance the Berrias
section, the existence of a hiatus, along which the main part of
the B. (B.) callisto Subzone and the basal part of the T. per-
transiens Subzone are missing, may be the explanation
(Donze & L HEGARAT, 1965; LE HEGARAT & REMANE, 1968;
LE HEGaraT, 1971). This explanation, however, will no lon-
ger serve for other sections in SE France, for instance the La
Faurie-Pusteau section, in which no trace of a hiatus has hi-
therto been detected. For these sections we must think of col-
lection failure or of facial and ecological factors to account for
the absence of “Valanginian” ammonites.

WIEDMANN (in ALLEMANN et al., 1975) already reported a
similar mixture of ‘Berriasian” and ‘Valanginian’ ammonites
from SE Spain. Unfortunately the ammonite association he
described from his “B. (B.) callisto Zone” of Los Miravetes
cannot be relied on, because, due to a serious correlation error
in the amount of overlap assumed for the different parts of the
Miravtes section, he equated the stratigraphic mnterval occu-
pied by the T. alpillensis Subzone with the interval occupied
by the T. pertransiens Subzone. Due to this error T. pertran-



siens seems to be most abundantly presentin his “B. (B.) cal-
listo Zone”, which motivated him to drop this species as index
for the basal biostratigraphic unit of the Valanginian. Also
Th. (K.) lucense was rejected as index, because it appears low
in the “B. (B.) caliisto Zone”. Therefore he introduced his
Th. (Th.) thurmanni Zone for the same biostratigraphic in-
terval as defined for his former Th. (K.) /lucense Zone, 1. e.
betrween the last B. (B.) callisto and the first Th. (K.) rouban-
dianum.

After correction of this correlation error, our investigation
revealed that Wiepmann’s findings may be true for 7h. (K.)
lucense, but definitely not for 7. pertransiens, which at Los
Miravetes appears directly above the last B. (B.) callisto. Mo-
reover also SaYN’s Th. Thurmanni, échantillon presque typi-
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que (this juvenile specimen is generally interpreted as a true
thurmanni, but I provisionally referred to it as aff. thur-
manni because of the uncertain interpretation of the lectoty pe
of thurmanni in Picter & CamricHg, 1860, pl. 34, fig. 1,
which is only an adult living chamber fragment) appears at the
base of the interval that can be correlated with the B. (B.) cal-
listo Subzone. As the motives for the introduction of the Th.
(Th.) thurmann: Zone are without foundation, the concept of
this zone should be abandoned.

The faunal successions reported by WiEDMANN (in ALLE-
MANN et al., 1975) from the Canada Lengua sections (S of Ca-
ravaca), which are not disturbed by correlation errors, but
which are very incomplete due to lacunas, show however that
not only the ends of the ranges of Pomeliceras nieri, S. (S.)
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between the diversity highs of the boissieri and roubaudianum superzones.
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boisster1, and Sp. (Ng.) negrel, butalso those of B. (B.) calli-
sto, Sp. (Ng.) cf. paranegreli, and Lp. studeri are overlapping
a few metres the beginning of the range of T. pertransiens.

When the diversity (= number of species) of the peri-
sphinctacean ammonites of Los Miravetes was plotted bed by
bed for the uppermost Tithonian, Berriasian, and lower Va-
langinian sensu stricto, a succession of pronounced diversity
highs and lows became apparent (Fig. 2). At first Linterpreted
them as local diversity fluctuations. Changes in facies could
not be held responsible for these highs and lows, because the
facies remains unchanged at nauseam throughout the entire
Miravetes sequence. However, several of these highs and lows
turned out to be of supraregional extent, for it was possible to
reconstruct similar diversity curves (Figs. 2, 3) with equally
pronounced highs and lows at the same stratigraphic positions
when we include in them all those Mediterranean ammonite
forms whose ranges are known correct to a subzone, in parti-
cular those of LE HEcaraT (1971) and ThieuLOY (1977 a, 1979)
for SE France and of Memui & Sacaj (1975) for Tunisia. This
justifies the conclusion that these highs and lows are not me-
rely local aberrations, but are of important time-stratigraphic
significance, the more so as it turned out that the diversity mi-
nima correspond with the terminations of known regressive
periods in the Mediterranean realm.

Each diversity minimum is preceeded by a stratigraphic in-
terval in which disappearances of faunal elements highly pre-
dominate over appearances of new elements and is followed
by an interval in which new appearances predominate over
disappearances. Consequently each diversity high has its very
own diagnostic fauna of perisphinctacean species and (sub)-
genera, which is quite different from the fauna of the adjacent
diversity highs. Across a diversity minimum the transforma-
tion of the fauna appears to be rapid and profound, whereas in
between the minima the successive ammonite faunas imper-
ceptibly shade off into one another. The broad highs, therefo-
re, represent successive natural ammonite assemblages, which
form the raw material for the distinction of major biostrati-
graphic units, superzones, in the Mediterranean province,
whereas the deep minima delimit distinct steps in the deve-
lopment of the ammonite faunas. Similar steps can be demon-
strated for the faunal successions reported from Bulgaria, The
Crimea, and Roumania.

So it turns out that the “episodic faunal revolutions”, as
WieDMANN (1973) called the rapid faunal turnovers used to de-
termine the lower boundaries of the Triassic and Jurassic sy-
stems, are much more frequent than hitherto assumed. Many
of these turnovers, however, come about mainly at the ge-
nus/species level and are therefore less manifest, although the
slaughter among the ammonites is often of the same order.
Even the five phases recognized by WiEpMann (1973) in the
development of the ammonite faunas can, with a slight modi-
fication, be distinguished within the diversity highs of Los
Miravetes and form the basis for the recognition of subzones
(Fig. 3). The shape of the diversity graph is comparable to the
one predicted by Carr & KircHELL (1980).

I am convinced that the recognition and determination of
the presumably Jarge number of such rapid faunal turnovers
attended by conspicuous diversity lows provides a valuable
means to give the delimitation of many biochronological units
the objective basis that stratigraphers are so eager to obtain,

The superzones thus delimited in Los Miravetes have been
given biostrangraphic names. The ammonite associations
within the broad highs practically correspond to the original
faunistical concepts of the Paraulacosphinctes transitorins
Zone sensu NEUMAYR (1871) and Sarunov (1977), the Sub-
thurmannia (Subthurmannia) boissieri Zone sensu KiLIAN
(1888) and the “Colloque sur le Crétacé inférieur’ (1965), and
the Thurmanniceras (Kilianella) roubaudianum Zone sensu
Kirian (1888, 1896). These turn out to be real, practical, and
well-delimitable biostratigraphic units and were therefore re-
stored in their original sense, but their concepts were of
course corrected and adapted a little in accordance with the
greater knowledge we have now of the distribution of ammo-
nites. This means, however, that S. (S.) boissieri and Th. (K.)
roubandianum are not available anymore as index species for
the upper Berriasian and the lower Valanginian sensu stricto.
The index fossils of these zones are therefore replaced by §.
(S.) rarefurcata and Th. (K.) retrocostatum respectively
(Horvemaeker, 1982) (Fig. 3).

The superzones are separated from each other by faunal
transitions in which the faunal elements of the foregoing su-
perzone rapidly disappear to make room for the new faunal
elements of the next superzone, which gradually, though ra-
pidly and simultaneously with this disappearance, increase in
number and diversity to reach their maximum in the upper
part of that superzone. These faunal transitions give rise to
narrow subsidary diversity highs, because the diversity of
such transitional association is the summation of the old and
the new faunal elements. These small diversity highs are situa-
ted within the deep lows. The transitional faunas should be
mncorporated in the superzone that immediately follows
them, because the entry and the rapid increase in number and
diversity of the faunal elements that characterize the follo-
wing superzone is biostratigraphically more important than
the retarded presence of some faunal elements of the foregoing
superzone. Besides the deepest parts of the diversity lows
torm the lower limits of these subsidary highs. These transi-
tional faunal associations therefore should constitute the basal
subzones of the superzones.

For the S. (S.) boissieri Superzone this is apparently the
Subthurmannia (Strambergella) subalpina Subzone, which
builds only a low subsidary high. For the Th. (K.} roubau-
dianum Superzone this is apparently the T. alpillensis Sub-
zone, which builds a narrow, but conspicuous subsidary
high. The next superzone undoubtedly begins with the Hi-
mantoceras trinodosum Subzone, which also builds a low
subsidary high within a deep diversity low, which is attended
by a rapid and nearly complete renewal of the ammonite fau-
na.

So the faunal coupures at the base of the S. (St.) subalpina
Subzone and the H. trinodosum Subzone are more important
than the one at the base of the 7. alpillensis Subzone. Never-
theless the faunal turnover in the latter subzone, brought ab-
out by the rapid incoming of new faunal elements and their
progressive increase at the expense of the old ones, is pro-
found and rapid enough to warrant the delimitation of super-
zones. Therefore it becomes obvious that the Th. (K.) rou-
baudianum Superzone and consequently also the Valanginian
sensu stricto should begin at the diversity minimum at the
base of the T. alpillensis Subzone. This level practically coin-
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cides with the base of the calpionellid subzone D3 (= the
entry of Lorenziella hungarica) and can be correlated with
the base of the French B. (B.) callisto Subzone.

The faunal caesura that separates the Psendosubplanites
grandis Subzone from the S. (St.) subalpina Subzone was
proposed to mark the Tithonian-Berriasian boundary (HoE-
DEMAEKER, 1981, 1982). The deep faunal coupure that separa-
tes the “Saynoceras verrucosum’™ Subzone (in the restricted
sense as used by MouLLaDE, 1966, MouLLaDe & THIEULOY,
1967, TaieuLoy, 1971, 1973, 1977b, 1979) and the Himanto-
ceras trinodosum Subzone clearly separates a Valanginian
from a Hauterivian ammonite assemblage. As the latter break
is accidentally, but fortunately closest to (if not coinciding
with) the lower boundary of the Hauterivian stratotype (cf.
Donze & THiEULOY, 1975) as it was originally indicated by
ReNEVIER (1873), 1. e. at the base of the ‘marnes 4 Astieria’,

there is no impediment to choose it as the Valanginian-Haute-
rivian boundary (HOEDEMAEKER, 1982).

As the stratigraphic scope of the Berriasian and the Va-
langinian sensu stricto are herewith reduced to only one su-
perzone (= 5 subzones) each, the stage appreciation that the
Berriasian has gradually acquired (MazenoT, 1939; Colloque
sur le Crétacé inférieur, 1965) should be seriously questioned.
1t is propased here to return to the old concept and to subdi-
vide the original scope of the Valanginian Stage (excluding the
so-called “Terrain Dubisien™) into a lower substage, the Ber-
riasian, and an upper substage, for which the name Nemau-
sian (SARRAN D’ALLARD, 1875, 1881) is available. The Nemau-
sian (from Nemausus = Latin for Nimes) has explicitly been
introduced as the stage between the Berriasian and the Haute-
rivian and it would constitute together with the Berriasian the
two divisions that compose the “Terrain Valanginien”.
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CONCLUSIONS

[t is shown that in the sequence of Los Miravetes (west of
Caravaca, SE Spain) the faunal turnover at the boundary bet-
ween the Berriasian and the Nemausian (= Valanginian sensu
stricto) 1s definitely not as abrupt as has generally been assu-
med. The faunal transformation, though important because it
involves the nearly complete renewal of the ammonite fauna
in a relatively short lapse of time, is much slower than pre-
viously thought and comes about in the course of the entire 7.
alpillensis Subchron, which corresponds with Lr HEGARAT’S
B. (B.) callisto Subchron.

[t is shown that in this subchron the successive extinctions
of “typically Berriasian” taxa were at the same time compen-
sated by the successive appearances of new “Valanginian™
taxa. The faunal turnover has definitely not the abruptness
that invited so many stratigraphers to choose this boundary as
the limit between the Jurassic and Cretaceous systems.

On account of the entry and the rapid increase in number
and diversity of ammonites that characterize the 7h. (K.)
roubandianum Superzone, the boundary between the Berria-
sian and the Nemausian (or Valanginian sensu stricto) should

be drawn at the base of the T alpillensis Subzone, which vir-
tually coincides with the base of calpionellid subzone D3.

The concept of the B. (B.) callisto Subzone should be aban-
doned, because its faunal concept is very inadequate, but also
those of the Th. (K.) lucense, Th. (Th.) thurmanni, and Th.
(Th.) otopeta “‘zones” should be abandoned, because they do
not differ essentially from the concept of the T. pertransiens
Subzone, which has priority.

The breaks in the faunal succession of the Mediterranean
perisphinctacean ammonites between the P. grandis and S.
(St.) subalpina subzones, where the boundary between the
Tithonian and the Valanginian stages had best be drawn, and
between the “Sn. verrucosum’ Subzone (in the restricted
sense used by Moutrape and Thieuroy) and the Hi. trinodo-
sum Subzone, where the boundary between the Valanginian
and the Hauterivian stages had best be drawn, are more im-
portant and the faunal wansformations at these levels more
radical than between the B. (B.) picteti and 7. alpillensis sub-
zones, where the boundary between the Berriasian and Ne-
mausian substages had best be drawn.
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